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Abstract 
This paper adds to the stream of research dealing with the art work by investigating the returns obtained by auction houses. We 
are interested in testing the market efficiency of the most influential auction house as a signal for art market robustness. the 
interest of this paper is focuses on how investors use information regarding the activitry of four major auction houses - Sotheby's 
, Turners Auctions Ltd,  Mallett PLC and Mowbray Collectables - and how this information is reflected in the stock price. After 
performing several test of market efficiency (Lo and MacKinlay test, Joint Wright test, Automatic Variance Ratio test), the 
results are discussed and interpreted. While some stocks exhibit market efficiency, other present a slow assimilation of 
information in the stock price and hence past information can be used to make predictions   
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1. Introduction 
Investing in art-works can represent a sound alternative for of portfolio diversification as art sales indices present 
average annual return rates of 10% in the last frothy years. However, recent research shows that when it comes to 
selling and buying artworks investors tend to overestimate the returns and underestimate the risks involved 
(Korteweg, Kräussl and Verwijmeren, 2013). The figures seem to be altered by a selection bias significantly 
influence repeated sales indices. As such, true values of return rates are about 6,5% implying that diversifying by the 
means of art investment will not lead to an outperforming portfolio. The issue of art investment is also tackled by 
other studies that look at repeated sales for artworks. Renneboog and Spaenjers (2009), investigates the returns of art 
investments by constructing a hedonic price index that results from repeated sales of oil paintings, watercolors and 
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drawings. The study uses transaction data for more than 10.440 artists belonging to different periods and art 
movements. The results present that during the period 1982-2007 art prices have risen on a yearly basis by 3.97% 
(5.19% in geometric mean) in real USD. While this figure seems to outperform the return of physical assets like 
gold (2.35%), commodities (3.3%) and US real-estate (1.06%) of financial assets like T-Bills (1.39%). However, 
buying and selling art is less profitable when compared to the risk-return profile of equity investments like S&P 500 
(6.63%) or Global Stocks (6.34%). 
The former optimistic outlook is challenged by Korteweg et al. (2013) who argue that by constructing the 
hedonic price index the obtained return values can be inflated due to selection bias. By taking to account the 
category of illiquid assets, the authors show that for the years 1972-2010 the average annual return for art 
investments drops from 10% to 6.2%, and the Sharp ratio decreases from 0.24 to 0.04. Under this scenario, investing 
in stock (10.95%), corporate bonds (8.94%) and commodities (10.21%) is more appealing than assuming a passive 
investment strategy in art. 
This paper adds to the stream of research dealing with the art work by investigating the returns obtained by 
auction houses. We are interested in testing the market efficiency of the most influential auction houses  as a signal 
for art market robustness. Typically an action house operates between three types of activities: it intermediates 
between different buyers and sellers authenticated work of arts by receiving in consignation, marketing and selling 
in auctions various artwork; it can act on its own name and can strategically buy and resell or retail artworks or 
chosen commodities, it can support art related financing activities by facilitating loans secured by artworks to clients 
in need for liquidity. 
The most common sources of revenues for action houses are: 
• auction commission revenue- derived from the buyer's premium by the and seller's commission 
• private sale commission revenues 
• revenues obtained from selling of owned artwork or inventories 
• finance revenues 
Considering all this, the interest of this paper is focuses on how investors use information regarding the activitry of 
four major auction houses - Sotheby's , Turners Auctions Ltd,  Mallett PLC and Mowbray Collectables - and how 
this information is reflected in the stock price.  
2. Methodology 
This paper studies the efficient market hypothesis using the following tests: unit root and correlation tests, Lo and 
MacKinlay, Chow Denning, Automatic Variance Ratio test and Joint Wright test.  
The ADF and PP tests are used to test the null hypothesis of a unit root, with the alternative that financial series are 
stationary. In order to test the existence of linear dependencies we have used the Ljung Box (1978) test. The null 
hypothesis is no autocorrelation of returns up to order k. The test is determined according to the mathematical 
expression:  
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where jρ  is the j -th autocorrelation and m is the number of observation (Enowbi et al., 2009). Another test used 
to identify the independence of successive price changes is Lo and MacKinlay (1988) test, that takes into 
consideration both the assumption of homoscedasticity and the assumption of heteroskedasticity. The first statistical 
test that takes into account the presence of homoscedasticity has the following form: 
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Lo and MacKinlay test the null hypothesis of random walk for an individual value k. In order to analyze whether the 
returns are mean reverting, the null hypothesis has to include all the k values. The Chow Denning test has the 
following null hypothesis H0: ,1)( =ikV  pentru i = 1,…,t with the alternative H1: ,1)( ≠ikV  for i. The Chow 
Denning (1993) test  is built using the following equation:  
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The MV2 statistics, which include heteroscedasticity, is expressed as: 
);(max 2112 ii kxMTMV ≤≤=
(9) 
which is a joint test that uses (Shyh-wei Chen, 2009). 
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Moreover, we have applied the Joint Wright test, that represents a joint sign test and considers )0,( tt xus = where 
1)0,( =txu if  xt>0, and 0 otherwise. Under the hypothesis that xt is generated from a martingale difference 
sequence, st is a sequence i.i.d. with mean 0 and variance 1. 
Wright (2000) had proposed a test based on signs, with the null hypothesis V(k) = 1, and alternative V(k)  1 .The 
statistical test is based on the equation: 
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The critical values of the test are obtained by simulation. In order to test the null hypothesis  in a joint form H0: V(ki) 
= 1, for i = 1,…,l with the alternative V(ki)1, for i, the joint test is using the following equation: 
)(max 111 ii kSJS ≤≤=  
(12) 
which is similar to the equation of the Chow Denning test(1993). The critical values of the JS statistics are obtained 
by simulation. The null hypothesis of random walk is rejected when the values recorded by JS statistics are higher 
than the critical values (Kim, J., Shamsuddin, A., 2008). 
Another test that we have used to test the market efficiency is the  Automatic Variance Ratio (2009) test under the 
condition of heteroskedasticity. AVR test has the following form: 
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is the quadratic spectral kernel. 
Consider Yt is the stock return at moment t (t=1,…,T). According to Choi (1999), VR(k) is a good estimator for 
)0(2 Yfπ , where )0(Yf represents the spectral density for Yt , with frequency 0.  
Choi (1999) showed that under :0AH Yt is serial uncorrelated (or 1)0(2:0 =YB fH π ), 
[ ] )1,0(2/1)(/)( NkVRkTkAVR d⎯→⎯−=  (16) 
,/,, ∞→∞→∞→ kTTk when Yt is i.i.d. with a finite moment of four order. In order to choose by an optimal 
method the lag truncation point and the holding period k, Choi (1999) used the method proposed by Andrews for the 
spectral density and zero frequency. The AVR statistical test with an  optimal choice of lag truncation) is noted with
)ˆ(kAVR . In this paper we used the test proposed by Kim (2009) and in order to improve the performance of the test 
we applied the wild bootstrap method of Mammen (1993). 
Finally, we used the Hurst Exponent in order to test the existence of long memory. The Hurst Exponent is calculated 
by using the classical analysis R/S. The R/S statistics represents the rank of the partial sums of the time series 
deviations from the mean. Let be sample of continuously compound returns { })(),...,2(),1( τrrr  and τr  represents 
the sample mean ¦τ ττ )(/1 r , where τ is the time interval. The R/S statistics is shown by the following equation:  
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where τs represents the estimator of standard deviation. 
Hurst (1951) revealed that in the case of more records, the R/S is described by the following equation: 
HSR )2/()/( ττ =  (Cajueiro, D. & Tabak, B., 2004). 
Data 
The data used in this study are daily stock returns for 4 individual stocks from US Stock Exchange (Sotheby's – 
BID), Germany Stock Exchange (Turners Auctions Ltd -RGY), UK Stock Exchange (Mallett PLC MAE) and from 
New Zealand Stock Exchange (Mowbray Collectables Ltd MOW). The returns are defined as the continuously 
compounded percentage rate of return at time t , )/ln( 1−= ttt ppr , where tp and 1−tp represent the stock price at 
time t and 1−t , respectively. In this paper we test the efficient market hypothesis at individual level during the 
period April 2005-March 2014. Table 1 presents descriptive statistics for the daily returns 
The normal distribution of returns is a requirement that has to be satisfied in order to verify the weak form 
efficiency. The values recorded by the Jarque Bera test are very high with p values equal with 0, indicating that the 
returns series do not follow a normal distribution. 
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         Table 1. Descriptive statistics of the daily returns 
 Average Maximum Minimum Standard deviation Skewness Kurtosis 
Jarque Bera 
Prob 
BID 0.0004 0.1917 -0.3343 0.0329 -0.4640 10.4224 0.0000 
RGY 0.0001 1.0116 -0.2265 0.0386 8.5835 235.4371 0.0000 
MAE -0.0005 0.4488 -0.4418 0.0237 -0.0407 210.7401 0.0000 
MOW -0.0007 0.5798 -0.5798 0.0469 -0.2584 54.6031 0.0000 
 
This rejection is a first indication that analyzed stocks do not follow a random walk process.  In the case of BID 
and RGY, the mean is positive, indicating that on average, the returns of these stocks increased during the period. 
Conversely, MAE and MOW have recorded a negative mean. Regarding the volatility, the highest value is recorded 
by MOW. In the case of BID, MAE and MOW the skewness coefficients are negative indicating a right tail of the 
distribution of returns compared to the normal distribution, due to the positive extreme values. In the case of RGY, 
the skewness coefficient is positive, indicating a high probability of increasing than decreasing returns. The kurtosis 
coefficients recordedvery high positive values, which determine that the returns distributions to be sharper than the 
normal distribution. In all cases, the returns follow a leptokurtic distribution.  
Moreover, we will test the weak form of market efficiency by using unit root and correlation test. The below 
table provides the empirical results. The daily returns stationarity was tested by using ADF and PP tests. According 
to the results obtained, the null hypothesis of a unit root is rejected for all the returns series at a significance level of 
1%.  According to Rahman and Saadi (2007) the unit root tests are used only to test the stationarity and not to test 
predictability. After applying the stationarity  test, we can’t conclude that a stock market is efficient, so we used 
tests for correlations. According to Fama (1963) the market efficiency suppose that successive price changes must 
be independent. The null hypothesis of  the Ljung Box test is no linear correlations of returns. This hypothesis is 
strongly rejected in the case of RGY, MAE and MOW. This highlights that the returns are not independent and 
indicates a short term predictability, which is not consistent with the weak form efficiency. In the case of BID, the 
null hypothesis of no linear correlations is accepted and sustained the existence of random walks, which is consistent 
with the presence of weak form efficiency. 
               Table 2. Unit root and correlation tests 
Stocks ADF PP Ljung Box Q(5) Q(10) Q(20) 
BID -46.1816*** (0.0001) 
-46.1698*** 
(0.0001) 
2.7467 
(0.739) 
6.7625 
(0.748) 
18.527 
(0.553) 
RGY -53.1524*** (0.0001) 
-53.2255*** 
(0.0001) 
53.185*** 
(0.000) 
55.504*** 
(0.000) 
61.535*** 
(0.000) 
MAE -43.8695*** (0.0001) 
-59.8663*** 
(0.0001) 
122.33*** 
(0.000) 
131.53*** 
(0.000) 
154.72*** 
(0.000) 
MOW -28.2094*** (0.0000) 
-66.2831*** 
(0.0001) 
94.062*** 
(0.000) 
96.873*** 
(0.000) 
105.21*** 
(0.000) 
Note:***significant at 1% confidence level 
 
Further, we have applied the variance ratio test. The results of  these test are reported in the tables below. The Lo 
and Mackinlay test examines the null hypothesis of random walk. Table 3 provides the results of Lo and MacKinlay 
test. The test was realized for sampling intervals of 2, 5 and 10 weeks. 
                              Table 3. Lo and MacKinlay test  
Stock 
M1 M2 
q=2 q=5 q=10 q=2 q=5 q=10 
BID 1.9994* 0.5471 -0.1202 1.1939 0.3561 -0.0822 
RGY -7.5614*** -6.4689*** -5.1442*** -3.5930*** -3.4264*** -3.1431*** 
MAE -5.4741*** -4.0636*** -1.9860* -1.1259 -0.9866 -0.6217 
MOW -7.2524*** -9.4341*** -7.9614*** -2.6758*** -3.2407*** -3.1090*** 
Note: ***Significant at 1% level-critical value for normal distribution 1.645; **Significant at 5% level-critical value for normal distribution 1.96; 
*Significant at 10% level-critical value for normal distribution 2.575, M1-homoskedasticity, M2-heteroskedasticity 
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The results points out that the null hypothesis of random walk is strongly rejected for RGY and MOW, both in 
conditions of homoskedasticity and heteroskedasticity. The rejection of the random walk hypothesis in condition of 
homokedasticity can arise either because of the existence of heterokedasticity or the existence of autocorrelation 
between stock prices The rejection For MAE the null hypothesis of random walk is rejected only in condition of 
heteroskedasticity. In the case of BID the returns follow a random walk process  in both in condition of 
homoskedasticity (with the exception of a 2 week sample) and heteroskedasticity. This is due to the high level of 
development of the US capital market where is quoted the BID stock.  
Table 4 provides information regarding the Chow Denning test.  After applying the Chow Denning test we conclude 
that the random walk hypothesis is rejected for RGY and MOW both in conditions of homokedasticity and 
heterokedasticity. In the case of MAE the null hypothesis of random walk is rejected only in the case of 
homokedasticity. For BID we conclude that the returns follow a random walk process. 
Table 4. Chow Denning test 
 BID RGY MAE MOW 
CD1 1.9993 7.5614*** 5.4741*** 9.4341*** 
CD2 1.1938 3.5930*** 1.1259 3.2407*** 
Note: The critical values are  2,114054 for 1 % significance level,  2,387738  for 5 % significance level, 
 2,934161 for 10 % significance level. 
 
       Table 5. Joint Wright test 
 BID RGY MAE MOW 
JR1 0.8086 5.4693*** 6.3315*** 6.8925*** 
Critical 
values 
1% 2.8980 2.7668 2.8703 3.0054 
5% 2.3573 2.3484 2.3075 2.3835 
10% 2.0916 2.0658 1.9946 2.1342 
JR2 0.9815 6.4209*** 6.6162*** 7.0054*** 
Critical 
values 
1% 2.9148 2.7822 2.9007 2.9249 
5% 2.4154 2.3130 2.3294 2.3515 
10% 2.1234 2.0718 2.0192 2.1181 
JS 0.5045 32.9513*** 165.0420*** 184.2834*** 
Critical 
values 
1% 2.8446 3.0206 2.8998 3.1683 
5% 2.3655 2.3592 2.2883 2.5239 
10% 2.1139 2.0948 2.0678 2.1998 
 
The results of Joint Wright test provides evidence of random walk in the case of BID. For the other stocks the 
random walk hypothesis is rejected. 
Table 6 presents the results of the Automatic Variance Ratio test.  For all period, the results indicate that the null 
hypothesis of random walk is rejected for RGY and MOW. In the case of BID and MAE we can conclude these 
stocks follow a random walk process and are efficient.  
        Table 6: Results for the Automatic Variance Ratio test 
Bootstrap 
iterations Test value 
Stocks 
BID RGY MAE MOW 
200 
Test statistic 1.1612 -5.8459*** -4.4079 -7.7439*** 
p-value 0.275 0.001 0.15 0.000 
Confidence interval 2,5 % -2.2351 -2.7385 -6.8094 -4.7347 
97,5 % 2.6515 2.8959 6.0176 4.3549 
1000 
Test statistic 1.1612 -5.8459*** -4.4079 -7.7439*** 
p-value 0.292 0.000 0.173 0.001 
Confidence interval 2,5 % -2.0829 -3.1769 -6.8809 -4.5669 
97,5 % 2.7131 3.1587 6.1595 4.2625 
Note: *** Significant at 5% confidence  level 
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    Table 7. Hurst Exponent 
 BID RGY MAE MOV 
Hurst Exponent 0,5562 0,4649 0,6168 0,5552 
 
From the above table it can be seen that the value of the Hurst coefficient is greater than 0.5, in the case of BID, 
MAE and MOW, which means that there is a long term dependencies with a persistent behavior, stock price has a 
trend. In the case of RGY, the Hurst Exponent registered a value lower than 0.5, which indicate an anti-persistent 
behavior and correspond to a mean reverting process. This stock is characterized by a high level of volatility. 
 
Conclusions: 
Our results indicate that RGE, MAE and MOW exhibits high auto-correlations. Moreover RGE and MAE do not 
follow a random walk process and questioning the existence of the the weak form efficiency. This means that there 
is a slow assimilation of information in the stock price, and the past information can be used to make predictions. 
In the case of MAE, the existence of random walk is sustained by almost all the variance test that we applied. In the 
case of BID, the stock that is listed on the US stock exchange, the results sustained the market efficiency. This stock 
follow a random walk process and the price reflect all the information regarding the evolution of past prices. 
 
References 
Korteweg, A.G., Kräussl, R., Verwijmeren, P., (2013),  Does it Pay to Invest in Art? A Selection-Corrected Returns Perspective Available at 
SSRN: http://ssrn.com/abstract=2280099  or http://dx.doi.org/10.2139/ssrn.2280099  
Renneboog, L. And Spaenjers, C., 2009. Buying Beauty: On Prices and Returns in the Art Market. Tilburg University, pp. 2-30. 
Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2000). The art of writing a scientific article. Journal of Science Communication, 163, 51–
59. 
Strunk, W., Jr., & White, E. B. (1979). The elements of style (3rd ed.). New York: MacMillan. 
Mettam, G. R., & Adams, L. B. (1999). How to prepare an electronic version of your article. In B. S. Jones & R. Z. Smith (Eds.), Introduction to 
the electronic age (pp. 281–304). New York: E-Publishing Inc.  
Fachinger, J., den Exter, M., Grambow, B., Holgerson, S., Landesmann, C., Titov, M., et al. (2004). Behavior of spent HTR fuel elements in 
aquatic phases of repository host rock formations, 2nd International Topical Meeting on High Temperature Reactor Technology.  Beijing, 
China, paper #B08.  
Fachinger, J. (2006). Behavior of HTR fuel elements in aquatic phases of repository host rock formations. Nuclear Engineering & Design, 236, 
54.  
 
